Background-Standard
T he Institute of Medicine has challenged the American healthcare system to be more patient centered, evidence based, and transparent, encouraging physicians to include patients in decisions about their care. 1 Patients have also expressed a desire to be fully informed and to play an active part in making decisions about their treatment. 2 The current process of informed consent, a critical opportunity to inform patients of treatment options and risks, falls far short of achieving these goals. Several studies in elective surgery have demonstrated that although patients believe that they are adequately informed during the consent process, they cannot recall the information that was provided. [3] [4] [5] [6] [7] In the few studies that examined the consent process in cardiac catheterization, patients tended to overestimate the benefits of percutaneous coronary intervention (PCI) 8, 9 and to forget the risks of the procedure. 8, 10 
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Given the generic legal informed consent documents often used for PCI, the amount and quality of the education patients receive before the procedure depends primarily on undocumented, qualitative aspects of physician-patient discussions, a process that is highly variable. Moreover, at the time of obtaining consent, physicians are charged with the responsibility to inform patients about their risks of complications, which can vary greatly from patient to patient. Because of a lack of viable alternatives, physicians typically provide vague estimations of risk based on their experience and intuition, 11 which have been shown to be poor estimates of patients' actual risks of complications. 12 To overcome the communication barriers surrounding education and risk estimation and to facilitate the process of informed consent, we developed and implemented a World Wide Web-based program, PREDICT (Patient Refined Expectations for Deciding Invasive Cardiac Treatments), 13, 14 to systematically embed patient-specific estimates of risk, derived from validated preprocedural multivariable models, into individualized PCI consent documents. We also rewrote the consent form to lower its literacy level (from a 16th-grade level to the 8th-grade level) and to provide visual depictions of hard-to-understand terms, such as angiography and stent implantation. These steps sought to transform a perfunctory phase of clinical care into an educational opportunity to better inform patients about their treatment and to enable them to participate more actively in their care.
The goal of PREDICT is to both enhance and standardize the informed consent process before PCI and to permit both patients and physicians to assess estimated complication risks based on clinical evidence rather than intuition. The goal of the present study was to evaluate the patients' experiences with the PREDICT consent form compared with the original consent process. As an exploratory analysis, we also investigated the association of PREDICT use with the selection of a drug-eluting stent (DES) or bare-metal stent (BMS). Given that our tool transparently displays the risks of clinical restenosis with each treatment, we anticipated that BMS might be used preferentially in those at low risk for restenosis, for whom the absolute benefits of DES are lower.
Methods

PREDICT Consent Form Development and Implementation
The development and integration of PREDICT into patient care has been described previously. 13, 15 In brief, after design and construction of the technological framework, statistical predictive models were rigorously developed for 4 potential outcomes of PCI (periprocedural bleeding risks, 16 mortality, 17 and clinical restenosis with a BMS or DES 18 ). These 4 outcomes were selected on the basis of their value to patients and clinicians in setting realistic expectations for the outcomes of the procedure and for their potential to help guide clinical decision making (eg, the type of stent to deploy). After the mechanism to calculate patients' risks and incorporate them into consent documents was finalized, the hospital's risk management and legal staff reviewed and refined the proposed informed consent document. Finally, broad support from administrative, nursing, and medical leaders was obtained to create a fertile environment for improving the process of obtaining informed consent. PREDICT was then initiated into the routine process of providing patient care on August 28, 2006 , at the Mid America Heart Institute of Saint Luke's Hospital in Kansas City, Mo. In March 2007, after successful implementation at the Mid America Heart Institute, PREDICT was expanded to the 3 additional Kansas City metropolitan hospitals associated with the Saint Luke's Health System.
The process of generating the individualized consent documents is managed by the nursing staff in the precatheterization holding area.
Nurses collect and enter 22 patient characteristics (several of which-including age, sex, and laboratory data-are autopopulated from an HL7 [Health Level Seven] interface with other electronic hospital systems) into the Web-based program, which then creates the patient's individualized, evidence-based informed consent document (see Figure 1 for sample consent document). The document is provided to patients for review before they discuss the procedure with the physician and sign the consent form. In the 4 hospitals in the Saint Luke's Health System, interventional cardiologists perform all diagnostic catheterizations with the possibility of PCI during the same procedure. Thus, a single consent document is completed for catheterization with possible PCI, and all discussions about risks and benefits of PCI occur before the diagnostic catheterization.
Patient Population
Because PREDICT was integrated into the routine process of care for obtaining informed consent at the time of cardiac catheterization, we evaluated the tool using a prepost design. The pre-PREDICT period included consecutive patients undergoing nonemergent cardiac catheterization with possible PCI during the 6 weeks before the implementation of PREDICT at each of the hospitals, which comprised the group of patients who had received the original consent form. The post-PREDICT group included consecutive patients who had received the patient-specific PREDICT consent forms during the 6 weeks after implementation. Because the informed consent was generated before diagnostic angiography, the population included all patients who underwent nonemergent cardiac catheterization, with or without PCI, during the study period. Patients were excluded if they required emergent cardiac catheterization (including those with ST-elevation myocardial infarctions), used a surrogate for informed consent, or were unable to complete the study interview.
Study Protocol
Patients were interviewed by a nurse or medical student within 48 hours of their procedure in a structured interview (tool available on request). Patients were first asked if they had read the consent form. If they reported having read the form, they were then asked a series of questions, based on a previously validated tool for oncology clinical trials, 19 that were designed to judge the ease of reading, ease of comprehension, and anxiety related to the consent document and process. In early 2007, the tool was modified to additionally determine the patient's recollection of potential complications from PCI and the estimated risk of those complications occurring. Patients were first asked whether they had had a conversation with the physician about the complications of the procedure. Those patients who reported having had such conversations were asked, in an open-ended question, to list any potential complications of cardiac catheterization. If a patient was able to identify a complication, he or she was then asked what their risk was of that complication occurring. Data on type of stent placed (BMS versus DES) were also collected postprocedurally for all patients who underwent PCI. Institutional Research Board approval was obtained, and a waiver of informed consent was issued.
Statistical Analysis
Clinical and demographic patient characteristics were compared between groups with t tests for continuous variables and 2 or Fisher exact tests for categorical variables, as appropriate. The modelderived estimated risks of complications (Table 1) 20 were compared between groups with t tests on the logit scale because of nonnormality of the raw probabilities. Because the quality of informed consent is dependent on the physician who obtains consent from the patient, we used hierarchical modified Poisson regression models to adjust for the clustering of patients within a specific interventional cardiologist (nϭ12, median cluster sizeϭ29 [interquartile range 10 to 37]) who obtained the informed consent and performed the PCI. Typical analyses use logistic regression to estimate adjusted odds ratios, which are then generally interpreted as relative risks (RRs); however, in the present study, the events being modeled were not rare, such that odds ratios were poor estimates of RRs. To address this issue, we estimated adjusted RRs directly using a modified Poisson regression model. 21 Results of the surveys are thus presented as physician-adjusted RRs of the outcome of interest if given a PREDICT consent form.
As an exploratory, descriptive analysis, we sought to determine whether or not presenting the risks for restenosis with BMS and DES to patients and physicians was associated with stent selection. We compared the use of BMS versus DES across the 3 categories of restenosis risk (low [15% risk of restenosis with a BMS in 1 year], moderate [23% risk of restenosis], and high [44% risk of restenosis]) before and after implementation of PREDICT using modified Poisson regression models that adjusted for between-physician variation. Analyses were conducted with SAS software, release 9.1 (SAS Institute, Cary, NC), and statistical significance was inferred from a probability value Ͻ0.05.
The authors had full access to the data and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Of the 335 patients included in the study, 142 received the original consent form, and 193 received the PREDICT consent form. The mean age was 65 years, and 64% were male. Cardiac comorbidities were common, with 50% having diabetes mellitus, 21% having had a prior coronary artery bypass graft surgery, and 50% having had a prior PCI. The 2 groups were similar in their clinical and demographic characteristics (Table 1) , although patients in the PREDICT group were more likely to have had a prior coronary artery bypass graft (26% versus 14%, Pϭ0.006) and reported less preprocedural angina (57% versus 83%, PϽ0.001). Factors that would be hypothesized to impact comprehension, anxiety, and recall, such as age and prior PCI, were not significantly different between the groups.
The main findings of the study are shown in Tables 2 and  3 . After between-physician variation was considered, nearly twice as many patients reported reading the PREDICT consent form than the original consent form (72% versus 44%; RR 1.64, 95% confidence interval [CI] 1.24 to 2.16, Pϭ0.001). A greater percentage of PREDICT patients reported not feeling nervous at all after reading the enhanced consent form than patients given the original consent form (65% versus 45%; RR 1.43, 95% CI 1.10 to 1.87, Pϭ0.008), and more of them thought the form was easy to understand (61% versus 50%; RR 1.21, 95% CI 1.05 to 1.40, Pϭ0.009). Additionally, there were trends for more patients in the PREDICT group to have felt involved in the decision processes relating to the procedure (67% versus 45%; RR 1.48, 95% CI 0.99 to 2.22, Pϭ0.059) and to be able to report that the descriptions of the complications of PCI were clear (66% versus 53%; RR 1.23 95% CI 1.00 to 1.53, Pϭ0.052; Table 2 ).
Among the subset of patients assessed for their recall of the risk of complications (nϭ141), there were no differences between the groups in the percentage of patients who were able to name the potential complications of PCI; however, among patients who were able to identify death or bleeding as a potential complication, a greater proportion of patients in the PREDICT group were able to recall having been told their estimated risk of death (85% versus 62%, RR 1.37, 95% CI 1.03 to 1.82, Pϭ0.029) or bleeding (92% versus 71%, RR 1.28, 95% CI 1.06 to 1.56, Pϭ0.013). There were no differences between the groups for any of the other potential complications of PCI, outcomes for which no PREDICT model was generated (Table 3) .
In an exploratory analysis of stent selection by risk of restenosis, 188 patients underwent PCI with stent placement during the study period, of whom 157 (84%) received a DES. Eight patients were excluded who did not have sufficient data to determine their restenosis risk category. Of the remaining 180 patients who underwent PCI, 54 (30%) were at low risk for stenosis within the following year if treated with a BMS, 71 (39%) were at moderate risk, and 55 (31%) were at high risk for stenosis. Before the implementation of PREDICT, Ϸ90% of patients received a DES, regardless of their preprocedural risk of restenosis (Figure 2 ). After the implementation of PREDICT, patients at low or moderate risk for restenosis were less likely to receive a DES than if they had been given the original consent form (low risk 77% versus 96%, RR 0.80, 95% CI 0.62 to 1.03, Pϭ0.08; moderate risk 61% versus 90%, RR 0.68, 0.53 to 0.88, Pϭ0.004). In contrast, patients at high risk for restenosis continued to experience very high levels of DES use after implementation of the PREDICT consent form compared with the original consent form (91% versus 91%, RR 1.01, 95% CI 0.86 to 1.19, Pϭ0.93; Figure 2) . Variation in the effect of PREDICT by physician was examined by augmentation of the base model with an additional physician-level random treatment effect. This did not result in a significantly improved fit (as measured by log-likelihood and Akaike information criterion statistics), and the PREDICT effect estimates, CIs, and probability values were essentially unchanged, which indicates that the effect of PREDICT was largely consistent across physicians.
Discussion
The process of informed consent is intended to provide information to patients in a format they can comprehend so that they can voluntarily elect to proceed with treatment. 22 The results of the present study demonstrate that an individualized consent form, enriched with patient-specific risks for PCI complications and restenosis rates with BMS and DES, was associated with an increased reading of the consent document, an increased perception of shared decision making, reduced anxiety, and an improved recall of having been informed of periprocedural risks. These findings suggest that PREDICT is not only well received by patients but also more effectively facilitates the intent of the informed consent process through a more informed and evidence-based discussion about procedural risks. In addition, these data suggest that presenting patients and physicians with patients' individualized risks of restenosis may result in a preferential use of DES in patients at high risk for restenosis and a greater use of BMS in those at lower risk.
As previously described, the patient-specific benefits observed in the present study echoed the views of physicians and nurses that the PREDICT informed consent represents an improvement in the processes of care compared with the traditional informed consent documents previously used at our institutions. 15 In fact, based on the provider perspective alone, the project was extended from its initial implementa- tion at a single site to deployment throughout the healthcare system. Documentation of the improvements in the informed consent process from the patients' perspectives suggests that such individualized consent processes may represent an important advance in clinical care by replacing a perfunctory informed consent process with an opportunity to educate and involve patients in their clinical care. The current status of the informed consent process, unfortunately, has repeatedly been found to be inadequate in providing patients with the knowledge and skills necessary to actively participate in decisions about their care. A review of 540 informed consent documents from 157 randomly selected US hospitals concluded that the "forms as designed have limited value: they are constructed to authorize treatment or to document an action pertaining to informed consent, regardless of whether the informed consent process was successfully accomplished or of minimal quality." 23 In fact, researchers have noted that 69% of patients interviewed after surgery acknowledge not having read the informed consent form. 24 Furthermore, truly informed consent requires not only disclosure but also a fundamental understanding of the disclosed information, which has been shown in multiple studies to be severely lacking in current practice. In a study of 100 patients interviewed within days of their surgery, 44 could not provide any details of the procedure, and 27 did not even know which organ had been operated on. 25 This suggests that the informed consent process is treated by most providers as simply a legal obligation; however, the opportunity exists to mold the consent process into an important opportunity to educate patients, so that they can become well-informed, responsible, and willing participants in the treatment process.
The results of the present study suggest that PREDICT is a potential strategy for improving the current informed consent process for PCI and can serve as a foundation for better shared decision making. The extent to which individual patients are willing and able to participate in decisions about their care varies greatly 26, 27 ; however, prior studies suggest that even in urgent situations, most patients want to understand what is happening to them and what risks are involved in any procedures they are about to undergo. 28 PREDICT addresses these needs of the patient in an innovative yet practical manner.
One of the unique advantages of PREDICT is its ability to create individualized consent forms, with the presentation of the risks of the procedure calculated for each individual patient. This method of estimating risks based on validated multivariable models has been shown to be far superior to the estimation of risks based on the intuition of the physicians. 29 In so doing, not only do patients have more realistic expectations about the risks going into the procedure, but physicians may also gain access to tools that can guide clinical decisions (eg, if estimated risk of bleeding is high, the physician may elect to use bivalirudin 30 or fluoroscopy for vascular puncture). Although many models have been published that can be used to provide estimates of risks of complications, the mathematical complexity of these models has thus far hindered the ability of clinicians to use them in a busy clinical environment. PREDICT provided an avenue for both patients and physicians to readily access the results of such models and to use them in routine care.
Comparison With Other Studies
PREDICT is the first tool of which we are aware that uses computer-generated individualized risks of complications within an actual informed consent document; however, there have been many small studies that have sought to improve the informed consent process through enhancement of the consent document or through the use of multimedia products. Efforts to improve the consent process, including reducing the reading level of the document or providing additional written or verbal information, have been shown to improve satisfaction and decrease anxiety but have not been shown to improve patients' understanding of the risks and complications of the procedure. 19, 31 In 2 trials that compared videoassisted informed consent with traditional methods of consent before cardiac catheterization, the addition of video information decreased anxiety levels, but comprehension and retention of information were not assessed. 32, 33 A recent trial demonstrated that patients scheduled for elective cardiac catheterization were able to answer questions more accurately about the technical aspects of the procedure immediately after a video presentation, although extended retention of this information was not tested. 34 Although these are promising strategies, the complexity of arranging for patients to view videos or to meet with educational counselors has precluded their routine use within the frenetic pace of modern cardiac care.
Moreover, although these interventions focused on improving patient comprehension and understanding, this is not sufficient to achieve truly informed consent. For patients to be able to make informed choices, they need to understand the procedure and also know their individualized risks for complications. Risk-prediction models can help patients and healthcare professionals estimate risks and make informed decisions 35 but have not yet been leveraged to enhance the infrastructure for more evidence-based personalized discussions between patients and their providers. Recognizing this, we used a multimodal approach to improve the informed consent process, reducing the reading level of the document, providing visual depictions of hard-to-understand terms, and including patient-specific estimated risks of procedural complications. Through these interventions, we believe we were able to create a document that facilitates a meaningful dialogue between the physician and patient and moves the process of informed consent toward one of shared decision making while not disrupting the routine practice of care.
Study Limitations
Several potential limitations should be considered when one interprets the present study. Because our intervention altered several aspects of the consent form, including changes in the reading level of the consent, the inclusion of educational diagrams, and the use of evidence-based, individualized estimates of risk, we cannot specify which aspect of the new consent was most important in attaining the improvements documented in the present study. Furthermore, given the complexity of creating and deploying a tool such as PREDICT into the practice of obtaining informed consent, we were not able to conduct a randomized clinical trial of the tool within our center. Thus, the present study was designed as "proof of concept" and as a foundation for a larger, multicenter trial that can more fully document the implications of such an approach to informed consent for patients, clinicians, and the healthcare system. The use of a prepost study design could have potentially introduced bias, because assessments of the original consent and PREDICT consent processes were not performed in the same time period. Although the assessment tool was structured to minimize biases, the nurses and medical students who interviewed the patients were aware of the type of consent the patients had received. Moreover, because the nurses and physicians were aware of the changes in the structures and processes of care that accompanied the implementation of PREDICT, they may have altered their attention to the informed consent process. Thus, the observed changes in the present study may not be attributable completely to PREDICT. In addition, the present findings of a more rational use of DES in high-risk patients and a greater use of BMS in lower-risk patients may have been confounded by evolving questions surrounding the safety of DES. However, the fact that we found no change in the high percentage of DES use in patients at high risk for restenosis does suggest that PREDICT was associated with better tailoring of this therapy to those who stand to benefit the most. Because the cost-effectiveness of DES is likely to be increased by focusing its use among patients who stand to benefit the most, a larger study of the use of PREDICT to assist in the allocation of DES is warranted. Regardless of its impact on resource utilization, the present study results do suggest that PREDICT is well received by patients and likely holds a significant positive value for both patients and physicians.
Finally, although the current informed consent document includes estimations of procedural risks, it does not contain risk-adjusted descriptions of benefits or the risks of alternative treatments. Currently, there are few risk-adjustment models of PCI benefits over alternative treatments, and the research community has not embraced a paradigm of sharing the ␤-coefficients and covariance matrices needed to program PREDICT to execute such models. In addition, although we present risk estimations of complications that we believe hold significant value to patients and physicians, other potential outcomes of PCI may be of interest to patients or physicians, such as less severe bleeding complications or periprocedural myocardial infarction, for which validated risk models have not yet been developed. Thus, opportunities to further improve the current consent document clearly exist. Despite its limitations, we believe that the present study holds significant value because it demonstrates that the translation of riskprediction models to clinical care can be accomplished in a manner that is useful to patients and clinicians. Further study, however, is needed to understand the full potential of this technology.
Conclusions
In response to well-documented deficiencies in the informed consent process, we have demonstrated that the PREDICT tool can transparently quantify patients' risk profiles and improve communication between clinicians and patients undergoing PCI. PREDICT thus accelerates the Institute of Medicine's vision for high-quality healthcare, a vision that encourages patients to be the source of control in selecting treatments most aligned with their individual goals and values. 1 These preliminary data lay the foundation for a clinical trial to better establish the impact of improved informed consent documents on subsequent care, resource utilization, clinician satisfaction, and, ultimately, patient outcomes. This initial experience should stimulate others to create innovative solutions to improve the process of informed consent.
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